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Abstrakt 
Název: Vztah mezi motorickými projevy laterality a zatáčivostí člověka ve třech 

různých typech lokomoce  

 Cíle:  Cílem této práce bylo ověřit vztah mezi stranovou preferencí (ruky a nohy) a 

zatáčivostí při chůzi, plazení a modifikovaném plavání s vyřazením zrakové 

a sluchové kontroly. 

Metody:  Tato studie představuje empirický kvantitativní výzkum. Výzkumný soubor 

tvořilo 20 studentů FTVS, (n = 11) vyhraněných pravostranných a (n = 9) 

vyhraněných levostranných jedinců. Výsledky lokomočních testů byly 

zaznamenány a zpracovány pomocí video-softwaru Dartfish. Pro analýzu a 

následnou interpretaci získaných dat byly použity kontingenční tabulky, 

tetrachorická korelace a ANOVA. 

Výsledky:  Korelace mezi jednotlivými typy lokomoce a stranovostí počítané pro celý 

výzkumný soubor ukázaly významný vztah p<0.05 pouze mezi stranovou 

preferencí a  typem lokomoce v podobě modifikovaného plavání (𝑟𝑡𝑒𝑡= 

0.65). Navíc byla zjištěna významná korelace p<0.05 mezi jednotlivými 

typy lokomoce, konkrétně mezi plazením a chůzí (𝑟𝑡𝑒𝑡= 0.68) a mezi 

modifikovaným plaváním a chůzí (𝑟𝑡𝑒𝑡= 0.49). Vztah mezi plazením a chůzí 

se následně ukázal být významný p<0,05 také u jednotlivých sub-populací 

levostranné (𝑟𝑡𝑒𝑡= 0.62); pravostranné (𝑟𝑡𝑒𝑡= 0.58). Oproti tomu, vztah mezi 

modifikovaným plaváním a chůzí byl významný pouze u levostranné sub-

populace (𝑟𝑡𝑒𝑡= 0.49). Výsledky analýzy mezi stranovou preferencí a 

směrem zatáčivosti neprokázaly ani v jednom typu lokomoce signifikantní 

preference. Při následném hodnocení míry odchýlení mezi chůzí, plazením a 

modifikovaným plavání v definovaných vzdálenostech: 2m, 6m a 10 metrů 

byla ve vzdálenosti 10 metrů od startu odhalena významně vyšší p<0.05 

míra zatáčivosti (odchýlení se od střední osy) u modifikovaného plavání. 

Celkově jsme také pozorovali větší odchylky u ženské sub-populace a 

levostranné sub-populace. V obou těchto případech však nebyly tyto 

odchylky statisticky signifikantní. 

Klíčová slova:  zatáčivost, lateralita, lokomoce, chůze, plazení, plavání  
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Abstract 

Title:        Relationship between human motor laterality and veering behavior in three 

  different types of locomotion. 

Objectives:  The aim of this thesis was to verify relationship between side preference  

  (handedness and footedness) and veering behaviour in walking, crawling and 

  modified swimming without visual and auditory control.  

Methods: The current research represents empirical quantitative research. Research 

sample consisted of 20 students from FTVS (n = 11) strongly right side 

preference, (n = 9) strongly left side preference. Performances form locomotion 

tests have been recorded and analysed with video software Dartfish. For data 

analysis was used, contingency tables, tetrachoric correlation and analysis of 

variance. 

Results: Correlations between each type of locomotion and side preference computed 

for whole group of participants revealed significant relationship p<0.05 only 

between side preference and modified swimming test (𝑟𝑡𝑒𝑡= 0.65).  In addition 

results revealed significant relationship p<0.05 between crawling and walking 

test (𝑟𝑡𝑒𝑡= 0.68) and between walking and modified swimming test (𝑟𝑡𝑒𝑡= 0.49). 

Furthermore, we also found significant relationship p<0.05 between crawling 

and walking test in left side preference sub-populations (𝑟𝑡𝑒𝑡= 0.62) and right 

side preference sub-populations (𝑟𝑡𝑒𝑡= 0.58). In contrast, relationship between 

walking and modified swimming test was significant only in left side 

preference subpopulation (𝑟𝑡𝑒𝑡= 0.49). Results of analysis between side 

preference and side of veering in all types of locomotion didn’t reveal any 

significant preferences. Analysis of veering behaviour in selected distances: 

2m, 6m and 10m revealed significant deviations p<0,05 only in 10 meters 

distance after start between modified swimming test and remaining tests. 

Generally, we also observed larger deviations at female’s subpopulation and at 

left side preference subpopulation. However, in both cases these deviations 

were not statistically significant.  

Keywords:  veering behaviour, laterality, locomotion, walking, crawling, swimming 
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1. Introduction 

Phenomenon of laterality is subject of research and measurement of psychologists, 

neuropsychologists, psycholinguists, neuroscientists, cognitive scientists and philosophers 

(Kitterle, 1991; Peters, 2011). Previous studies do not provided clear statement of relationship 

between side preference (footedness and handedness) and veering behaviour (Mohr, 2003; 

Bestaven, 2011; Šťouračová, 2011). Most of the studies which work on research of veering 

behaviour, measure this phenomenon while walking (Cratty & Williams, 1966; Vuillerme, 

2002; Mohr, 2003; Kallie, 2007; Souman, 2009; Uematsu, 2011; Bestaven, 2011). This way 

of locomotion is therefore with some extensions (Šťouračová, 2011) the only one, which is 

explored in detail. Our aim was to find out, if different ways of locomotion can deliver same 

side deviations in veering behaviour. In the present study we selected walking, crawling and 

modified swimming as elemental representatives of human locomotion. We used results and 

experiences from previous studies in veering behaviour in walking (Vuillerme, 2002; Mohr, 

2003; Kallie, 2007; Souman, 2009; Uematsu, 2011; Bestaven, 2011) and swimming 

(Šťouračová, 2011) and applied them in measurement of chosen ways of locomotion.   
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2. Theoretical part 

2.1 Motoric in human 

Movement represent fundamental manifestation of the human, controlled by central nervous 

system which consists of two main parts: brain and spinal cord (Dylevský, 2007). Brain is 

connected with the periphery by sensitive tracks that bring information from both the 

periphery and from sensitive organs. Firstly, according to the type of stimulus the impulse is 

preceded to the corresponding area of the brain where this origin stimulus is evaluated and 

subsequently through the motor area sent as the response via motor tracks if it’s required 

(Seeley, 1992; Sherwood, 2010). Motor tracks begin in the specific motor area of brain and 

goes by various ways (pyramidal or extrapyramidal tracks) to the motoneuron. Motoneuron 

represent definite kind of neuron stored in ventral spinal horn, its axon comes out of the spinal 

cord through ventral horn and sent the impulse for movement to its effectors- muscles. On 

entry to the muscle axon splits and every single axon goes to its motor unit (Hoffman, 2009; 

Sherwood, 2010; Nicholls, 2013). Since the movement is conditioned by the laws of 

ontogenetic development of human, the human motorics evolve from the early intrauterine 

period (approximately from 8th week of pregnancy) and continue throughout whole life 

(Dylevský, 2007). 

2.1.1 Hierarchy of motor control  

Organization of motor control is divided into four levels. In fact, it is not possible to isolate 

these levels from each other, because they made compact communicating system during the 

process of motor control (Hoffman, 2009, Sherwood, 2010). However, in this chapter, we 

divide these levels with the aim of better understanding to principles of motor control. 

Autonomous control  

Autonomous control ensures the basic biological function. It controls for instance contraction 

of myocardium, eye accommodation exocrine glands, smooth muscles of blood vessel, 

trachea, bronchioles and gastrointestinal tract. Autonomous control is therefore prerequisites 

for the musculoskeletal function (Fox, 1993; Nicholls, 2013). 

Spinal control 

It is the lowest level of motor control. Spinal cord is protected by vertebral column and it is 40 

to 45 centimetres long. Spinal cord begins under the cranium, between occipital bone and 

atlas and its end is between first and second lumbar vertebra (Seeley, 1992; Nicholls, 2013). 
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Spinal cord consists of two parts: grey and white matter. Neurons in the grey matter of spinal 

cord are interconnected into a network (Carola, 1992; Van de Graaff, 1997). The formation of 

the spinal neural network is larger in the cervical and lumbar intumescencion. In spinal cord 

are 31 pairs of spinal nerves which branch off from spinal cord. The primitive movement 

patterns such as stepping mechanism during locomotion and grip are already firmly encoded 

in these intumescencion (Véle, 2009; Nicholls, 2013). 

Spinal level is mainly responsible for reflex movements which are vicarious by reflex arch. 

We distinguish reflexes according to the number of synapses to: monosynaptic (“one 

synapse”) and polysynaptic (“more synapses”) (Sherwood, 2010; Nicholls, 2013). 

Monosynaptic reflex starts in receptor where action potential is developed and goes to the 

sensory neuron in the dorsal horn in grey matter. In ventral horn of grey matter is located 

motoneuron which is synaptic connected with sensory neurons. When information is 

transmitted to motoneuron, impulse continues via axon into its effector – muscle.  

Polysynaptic reflex goes through the same way with difference that connection in grey matter 

between sensory axon and motoneuron is made through interneuron (Carola, 1992; Nicholls, 

2013; Sherwood, 2010).  

Since the information from receptor doesn´t goes first to the brain, but it stays at the spinal 

level and goes to the brain while the movement is providing, is reflex movement faster than 

voluntary movement (Van de Graaff, 1997). 

Subcortical control 

Subcortical level is superior to the spinal. Subcortical structures include the reticular 

formation, brainstem, thalamic and hypothalamic nuclei and cerebellum (Hoffman, 2009). 

According to Kobesova and Kolar (2014) in the subcortical level, orofacial muscles and 

afferent information are automatically integrated within postural–locomotor patterns. Parts of 

central nervous system that are involved in subcortical control are described in more details in 

the chapter 2.1.2. 

Cortical control 

It represents the highest level of control in humans. Cortical level is superior to spinal and 

subcortical levels. The most important brain areas for motor control are primary motor cortex 

where pyramidal tract begins and premotor cortex where starts an extra-pyramidal track 

(Seeley, 1992; Van de Graaff, 1997). Cortical level controls through the pyramidal tract 

voluntary motoric. The movements controlled by cortical level need the participation of 
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consciousness. The psyche, the intellect and the character of a person are important for 

cortical level of control. The preconditions for realization of a voluntary movement are 

emotions. At the same time the voluntary movement is controlled by unconditioned reflexes. 

(Van de Graaff, 1997; Véle, 2009; Dylevský, 2009) 

 

2.1.2 Specific parts of brain responsible for motor control 

Brainstem 

Brainstem is a part of brain that adjoins and structurally continuous with the spinal cord. 

Brainstem includes the Medulla oblogata, the Pons and the Midbrain. In this area is located 

main part of reticular formation. It is a structure made of grey matter which consists of 50 

brain nuclei (Van de Graaff, 1997). It contains centres for unconditioned reflexes and basic 

life function such as breathing, heard rate, swallowing, excretion etc. Cardiac and respiratory 

functions are regulated from this area as well (Seeley, 1992; Sherwood, 2013). Nerve 

connections of motor and sensory system from the cerebral control to the rest of the body pass 

through the brainstem (Seeley, 1992; Carola, 1992). 

Cerebellum 

The cerebellum is located in the bottom of the brain and it’s attached to the dorsal side of 

brainstem. It is divided into two cerebellar hemispheres where in the middle is a narrow zone 

called vermis. The cerebellum consists of cortex of grey matter and white matter underneath 

where the deep cerebellar nuclei are stored (Van de Graaff, 1997; Sherwood 2010; Brousard 

& Schmahmann, 2012). Cerebellum is mainly responsible for maintaining the balance of the 

postural system, regulation of muscle tone, coordination, precision and accurate timing of 

motor movements (Seeley, 1992; Manto, 2012; Brousard & Schmahmann, 2012). 

Thalamus 

It is a rear part of interbrain (also called diencephalon) situated between the cerebral cortex 

and the midbrain consists of two parts which have about three centimetres in length (Seeley, 

1992; Van de Graaff, 1992). Clusters of different types of nuclei are placed in thalamus: 

sensory, associative and non-specific. Its function is besides other things to transfer impulses 

from the periphery to the sensory cortex and impulses from the cerebellum to the motor 

cortex. It also ensures connection with the limbic system. Furthermore, the thalamus enables 

mutual interaction of cerebral cortex (Beaumont, 2008; Morettti, 2009; Sherwood, 2010). 
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Basal Ganglia   

It is a part of the brain (telencephalon) which is anatomically formed from nucleus caudatus 

and nucleus lentiformis. Functionally to this cluster of nuclei also belong nucleus 

subthalamicus, the substantia nigra and the nucleus ruber which anatomically pertain to the 

midbrain. The basal ganglia participate at the control of muscle tonus and coordination 

(Seeley, 1992; Morettti, 2009, Sherwood, 2010).Their function is associated with the extra 

pyramidal motor system of movement. The activity of basal ganglia increases before the 

beginning of movement, during constant slow and focused movements (Morettti, 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

Cerebral Cortex 

Cerebral cortex is evolutionarily the youngest part of the brain (Carola, 1992). It is an outer 

layer of the brain that consists of two hemispheres. Both hemispheres are divided into four 

lobes:  frontal, parietal, temporal and occipital. The cerebral cortex is formed by grey matter 

and is composed by six different horizontal layers of neurons (Seeley, 1992). Cerebral cortex 

contains two important parts, which have a great influence on motor activity: the primary 

motor cortex and the premotor cortex (Sherwood, 2010). 

Figure 1. Anatomical structure of neural system 
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Primary Motor Cortex 

The primary motor cortex is located in front of the sulcus centralis in the gyrus praecentralis. 

It is also called the Brodmann area 4. The pyramid tract (tractus corticospinalis) begins in the 

gyrus praecentralis by huge Betz cells. This two neurons track is responsible for voluntary 

movement. About 75 % to 85% of the pyramid tracks cross at the medulla oblongata. Because 

of that the cells at each cerebral hemisphere of the primary motor cortex control mainly the 

contralateral side of the body (Seeley, 1992; Stuss & Knight, 2012; Sherwood, 2010). 

Premotor Cortex 

It is located in rear part of the frontal lobe anterior to the primary motor cortex and it lies on 

the Brodmann area 6 (Stuss & Knight, 2012). Over 30% of the axons in the pyramid track 

arise from neurons in the premotor cortex. The premotor cortex is intimately involved in 

selecting a specific movement or sequence of movements from the repertoire of possible 

movements. Activation of the neurons in the premotor cortex is detected during the 

preparation for a complicated voluntary movement and during carrying out movements where 

is visually control needed (Seeley, 1992; Van de Graaff, 1997; Sherwood 2010). 

 

2.1.3 Phylogeny of motor development of humans 

Phylogeny describes the history of the evolution of a species. It is a random and not 

programmed process (Mark, 1985; Hedges & Kumar, 2009; Stinson, 2012). Phylogenetic 

specializations of motion stereotypes for upper and lower extremities occurred to distinguish 

the genus homo from other representatives of this species. This specialization is based on the 

upright positions. The lower extremities are used for bipedal locomotion. That allows release 

of upper extremities which lead to specialization of upper limbs in manipulation with focusing 

on fine motor movements (tool made) (Gibbons, 2007; Hedges & Kumar, 2009). The grip was 

developed on the upper extremities where the thumb is in opposition. The vertical position 

had a great impact on the demands of the brain and from that probably follows the 

development of intelligence and subsequently the development of speech (Hedges & Kumar, 

2009; Stinson, 2012). The manipulative ability of hands was apparently first step to 

manifestation of lateral preference (Vančata, 2003; Hedges & Kumar, 2009). According to 

Gallese (2009) plays motor system crucial role in the phylogeny and ontogeny of aspects of 

social cognition.  
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2.1.4 Ontogenesis of motor development of humans 

Ontogenesis is a development of the individual from the origin of embryo to the death 

(Attallah, 2013). That’s why it includes embryonic and postnatal development. First 

movements are observed in the uterus at 8
th

week of pregnancy. These foetus movements as 

for instance startle or hiccups are reflexive. Later on appears more reflexive movements as 

oral activity, movements of limbs, grabbing and mimics (Blackburn, 2012). Purposive 

movements, described by mothers as a feeling of kicking, occurs at around 5
th

 month of 

pregnancy (Kalverboer, 2001; Orth, 2009).  

According to Orth (2009) is human after birth immature. The new-born doesn´t have any 

support base and has no balanced function, because of the inability of muscle co-activation. 

Therefore the primitive reflex movements dominate to the new-born. In following 

development, the child's primitive subcortical reflexes are transferred under voluntary control 

of cortical level (Attallah, 2013). They are absorbed and used when human individual needs 

them, or in case of damage of the central nervous system (Janda, 1984). According to Orth 

(2009) is at the age of tree month completed first support of body on the abdominal and on the 

back. The flexors and extensors works in co-activation mode. Child is for example able to 

grasp a toy lying on his back and at the age of 4,5 month is child able to do it on the 

abdominals well. Approximately at 6 month begins his first locomotion which consists of 

turning from the back to abdominal. By Attallah (2013) is approximately 7 months old baby 

able to turn from the abdominal to the back and moves by forearms while the lower limbs are 

drag behind. Baby at the age of 9 months starts to crawl by using hands and knees. Between 

10 to 12 months according to Forssberg (1985) occurs first verticalization to standing.  Baby 

starts to get up by holding objects as support and it also starts to walk by the side. Further, the 

child is able to walk in the open space between 12
th

 and 18
th

 month (Orth, 2009). In preschool 

age (3 to 6 years) is the musculoskeletal expression gradually more accurate, confident and 

conscious. Coordination skills reach in age of 6 high level while movement skills are 

improved as motion complexes as running, catching, jumping and etc. (Day, 1993; Orth, 

2009). Later in prepubescence period (6 to 11 years) is dominant kinetic learning ability. 

Children have higher movement perception which helps them to master complicated 

movement structures. That’s why, can children learn new movements via demonstration or 

simple instruction. In the end of this period starts “golden age of motoric” which is 

characterized by high level of racial understanding and fast ability to learn new skills 

(Pařízková, 1983; Day, 1993; Hájek, 2012). Pubescence (11 to 15 years) is characterized by 
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differentiation and rebuilding of human motorics what leads into impairment of motor 

coordination, disruptions of movement dynamics and by decreasing of movement economy. 

These deviations culminate among girls in age of 13 while with boys later. Adolescence age 

(15 to 20 years) is period of motorics integration and competition of motor development 

(Hájek, 2012). 

 

2.1.5 Interaction between sensory feedback and motoric in human 

Nicholls (2013) suggests that sensory feedback is not essential to elicit motor activity.  

Human can perform relatively fine movements of the limbs after an interruption of sensory 

fibres. In the absence of sensory feedback is the maintenance of the fine control deteriorated 

with progress of a task probably due to the accumulation of small errors. According to 

Pearson (1998) and Nicholls (2013) sensory fibres provide important information about 

control of extensors during movement and affect the strength and duration of the postural 

phase of normal locomotor cycle. 
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2.2 Laterality in human 

Phenomenon laterality is area of study of psychologists, neuropsychologists, psycholinguists, 

neuroscientists, cognitive scientists and philosophers (Kitterle, 1991; Peters, 2011). Lane 

(2005) describes laterality in human as an emergence that comes from the operational 

organization of two sides of the body, which include two brain hemispheres. Peters (2011) 

insists that symmetrical behaviours favouring one side or the other are actually a fairly 

universal characteristic of human beings. Lateral preference designates the asymmetrical use 

of limbs or sensory organs (Mohr, 2003; Barut, 2007). Movement asymmetry in humans and 

animals is often considered as being induced by the brain lateralization of the motor system 

(Sabaté, 2003). This lateralization is according to Bryden (1982), Reiss (2000), Sabaté (2003) 

and Augustine (2007) caused by functional and structural asymmetries in human. Sun (2006) 

in his study prefer expressions “functional” and “anatomical”. Functional asymmetry is 

according to Bryden (1982) and Mohr (2003) caused by dominance of one cerebral 

hemisphere. Hatta (2005) describes functional laterality as asymmetry of paired motor and 

sensory organs. Structural laterality is described as asymmetry of body segments and organs 

(Elliot, 1996; Mohr, 2003). Researcher consider as major manifestations of functional 

laterality handedness, footedness, eyedness and earedness (Dittmar, 2002; Tran, 2014). Štochl 

(2012) emphasizes that human laterality besides handedness, footedness, eyedness and ear 

preference also involves veering behaviour, rotation and circling preference. Functional 

asymmetry plays according to Khokhlov and Kovyazina (2013) necessary condition for 

development of skill and communication.  

 

2.2.1 Handedness 

Handedness is the dominance of one hand over the other, or the unequal distribution of fine 

motor skills between the left and right hands (McManus, 2004; Roth, 2005; Sun, 2006; Jover, 

2014). Triggs (2000) and Štochl (2012) classifies handedness as either a preference or hand 

differences in task performance. According to Bryden (1982) is handedness the most studied 

human asymmetry. There is a high difference in human population between proportion of left 

handers and right handers. Studies show that there’s approximately 90% of right-handers to 

10% of left-handers (Sun, 2006; Van Strien, 2000; Faurie & Raymond, 2005).  In connection 

with handedness are rarely used original expressions dexterity (right handedness) and 

sinistrality (left handedness) (Corsini, 2002). Some literature defines word dexterity as ability 
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to use one hand skilfully (Reiss, 2000; Bernard, 2010; Jover, 2014). According to Metcalf 

(2014) is this ability fundamental to our interactions with the physical, social, and cultural 

environment. Tasks where one hand is needed are called unimanual while for bimanual tasks 

are required both extremities (Reiss, 2000; Srinivasan, 2013). According to Hammond (2008) 

and Nelson (2013) has in bimanual tasks preferred extremity manipulative role while non-

preferred extremity plays auxiliary role. Eternity that plays manipulative role is consider as 

dominant. Serrien (2003) and Kagerer (2014) suggest that contralateral hemisphere 

predominantly organizes unimanual movements, whereas coupled bimanual movements are 

mainly controlled from the dominant hemisphere.  

 

2.2.2 Footedness 

Lower limbs are except to their main function of bipedal locomotion used as well in 

manipulative and specific functions. Because most of the people have dominant limb for a 

specific activity, we can classify footedness as manifestation of functional laterality (Musálek, 

2013) Similar as in handedness, extremity that perform manipulative role is considered as 

dominant (Peters, 1988). Gentry (1995) and Gabbard (1996) suggests that footedness adheres 

to some variant developmental features characterized primarily by a significant shift toward 

greater right-footedness between 8 and 11 years, after which preferences remain relatively 

stable. According to Bacelar (2014) daily living experiences over years of use do not modify 

the footedness profile observed in childhood. Elias (1998) suggests that cerebral lateralization 

may be more related to footedness than to other lateral preferences. According to Tran (2014) 

is footedness the single most important indicator of side preferences. Footedness does not 

affect spatial and angular parameters of walking gait (Zverev, 2006). 

 

 

2.2.3 Laterality in human ontogeny 

 

Hepper (2013) concludes that the initial developmental emergence of lateralized behaviour is 

under genetic control and is a fundamental feature of prenatal human development. Caution is 

warranted in attempting to link asymmetric motor behaviour and brain function prenatally. 

Sadler (2011) states that during embryonic development of the digestive and respiratory 
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systems are evident lateral asymmetries. One of the primary asymmetry that is observed in 

humans is left-right asymmetric configuration of the internal organs relative to the vertical 

axis of the body. (Tubbs et al., 2003). From birth until approximately the 3
rd

 month of the life 

the two sides of the body, brain included, would function independently one from the other in 

such a way that the experiences lived by one side would not be sensed by the other 

(LeFebrure, 1975). According to Nelson (2013) manual skills change dramatically over the 

first two years of life while the first preferences of acquiring objects appear in infants. Form 

3
rd

 until 12
th

 month would organism live the same experience with both body sides either 

simultaneously or in rapid alternation for a complete integration (LeFebrure, 1975). In four 

months infants right hand preference appear in most of infants (Cornwell, Harris, & 

Fitzgerald, 1991). According to LeFebrure (1975) From 12
th

 month until 24
th

 month is child 

able to reach the level of integration by setting active relations that will become more 

complicated between his paired limbs and within his basic biological, perceptual motor, and 

cognitive functions. Nelson (2013) suggests that preferences in acquiring objects are stable 

and persist into their second year as new skills appear. Moreover, children with no hand 

preference during infancy shifted to left or right lateralized hand use as toddlers. According to 

LeFebrure (1975) begins at 4 years efficient use of body, brain including, stemming from the 

adequate assimilation of stimuli from the outside world. He suggests that the adequate 

accommodation to these stimulations through proper reactions, and the adequate adaptation is 

result of the equilibrium between past and present experiences. This allows anticipation of 

individual in the future. 
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2.3 The selected types of locomotion 

According to Vaughan (1999) locomotion represent a process of movement in the space from 

one place to another. Medvedev (2001) adds that is accomplished through the action of the 

neuro-musculoskeletal system. Cappozzo (2014) in his detailed description says that human 

locomotion is achieved by coordinated movements of body segments while taking advantage  

of internal and external forces. 

 

2.3.1 Crawling 

Characteristics 

It is a specific type of locomotion where the body is in horizontal position. Both upper and 

lower limbs are working. Crawling is a four-beat gait involving the forearms and knees 

(MacLellan, 2012; Attallah & Kumar, 2013). Crawling is more difficult for cardiovascular 

system and more energy is used, because the upper limbs work in the close kinematic cycle as 

well (Kračmar, 2002). 

 

Figure 2. Crawling diagram 

Movement phases 

The right upper limb goes forward together with contralateral left lower limb and vice versa 

(MacLellan, 2012; Attallah & Kumar, 2013). During crawling two different types of loops are 

used. The moving extremities are working in the open kinematic cycle, so the punctum fixum 

is at the shoulder girgle. At the same time the other extremities are holding the whole body 

and work in the closed kinematic cycle. Therefore the punctum fixum is on the one forearm 

and one knee (Kračmar, 2002; Attallah & Kumar, 2013). During the locomotion is head in 

extended position to the trunk. This horizontal position is not changing throughout movement 

(Grasso, 1998). 
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2.3.2 Walking 

Characteristics 

Bipedal walking with vertical position of body is a basic feature of locomotion principle of 

human. This locomotion diversifies us from other animal species. Walking stereotype is based 

on phylogenetically fixed principles. Moreover is formed during ontogenesis and it is 

characteristic for each individual. The most important for walking is stabilized upright 

position (Vaughan, 1999). 

Work of lower limb: While walking, lower limbs are working in closed kinematic cycle. 

Punctum fixum (fixed end for a given movement, the end of a bone that is held stationary, 

while punctum mobile - the other end of the bone, moves) is formed by the foot and punctum 

mobile is the pelvic girgle (Véle 2006). 

Work of upper limb: Upper limbs work in open kinematic cycle. Punctum fixum is formed by 

the shoulder girgle while punctum mobile is hand. Upper limbs have during walking only an 

accompanying function. They mainly compensate the torsional effect of pelvic girdle. The 

movement of the upper limbs is going in the opposite direction than the ipsilateral lower limbs 

(Véle 2006). According to Park (2001) and Baker (2013) is walking described as a bipedal 

form of kvadropedal locomotion, although the upper limbs are not direct effectors of 

locomotion. Their movement still takes place in a cross pattern together with the lower limbs. 

 

Figure 3. Walking diagram 

Movement phases 

We distinguish three basic phases of the gait cycle for the lower limbs: the swing phase, the 

stance phase and the double stance phase. The lower limb goes forward during the swing 

phase while it is not in contact with the ground (Vaughan, 1999; Nicholls, 2013). It starts by 

toe off, then continuous by acceleration to midswing and deceleration. This phase ends by 

heel strike. The stance phase is the interval in which the foot is on the ground. It starts with 
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heel strike, continuous to foot flat to midstance and then to heel off and ends by toe off. The 

double stance phase is the interval in which both feet are on the ground. It is the shortest 

phase of gait cycle where the centre of gravity is in the lowest level. Double stance phase is 

characteristic only for walking. During running is this phase missing (Vaughan, 1999). 

Positon of the head is in extension to the body during the locomotion. This vertical position is 

not as at crawling changing throughout movement (Grasso, 1998; Hirasaki, 1999). 

 

2.3.3 Modified swimming (Flutter kick) 

Characteristics 

It is a specific type of locomotion in aquatic environment where the body is in horizontal 

position. Flutter kick is a swimming technique where is mainly used work of lower limbs 

while upper limbs that are in upright position play only supportive role (Burkett, 2010). 

Lower limbs have to create considerably more forward force than it causes drag so the final 

movement can be propulsive (Gatta, 2012). During the locomotion both upper and lower 

limbs work in open kinematic cycle.  

 

Figure 4. Flutter kick 

Movement phases 

The kick starts at the hip and works down to the ankle in a whiplash motion. It is done by 

downbeat-upbeat action in vertical directions. Lower limbs move alternately where an arc of 

movement has about 0,3 to 0,6 meters in size and occurs just below the surface of the water. 

When the legs are drawn back together, they produce a force which tends to push the 

swimmer forward. Together with vertical work of lower limbs upper part of body perform 

compensatory rolling lateral motion only in amount to keep body in balanced position 

(Burkett, 2010). Skilled performance in flutter kicking is characterized by sequencing of joint 
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actions to produce a single sinusoidal body wave moving caudally with not decreasing and 

preferably increasing velocity, low biological noise, and small variability (Sanders 2007). 

During the locomotion is head in extended position to the trunk between arms. This horizontal 

position is not changing throughout movement.  
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2.4 Veering behaviour 

2.4.1 History of research 

Old fairy tales describe stories, where pilgrims or people get lost in unknown area and are 

wandering for days in circles. This thought brought scientist to think about reason for this 

phenomenon. In 1893 have been published article: “Why lost people walk in circles” in 

magazine Scientific America (Bestaven, 2012). Schaeffer in 1928 decided to create to 

important experiment about spiral movement. He selected as the object of examination 

various organisms from spermatozoa to blindfolded humans. Study observed similar veering 

behaviour in amoebas and humans. That’s why Schaeffer proposed that veering behaviour is 

ubiquitous for living organisms. Another study aimed on veering behaviour in humans has 

been done in 1966 by Cratty and Williams. Purpose of their study was to find out perceptual 

thresholds of non-visual locomotion. They revealed that there is significant correlation 

between amount of veering and walking speed (Cratty & Williams, 1966). These studies 

concluded, that veering behaviour does not arise by coincidence and should be related to some 

of motoric mechanisms in human because the deviations of each proband appeared always in 

same direction. 

2.4.2 Veering behaviour studies 

Vuillerme, Nouqier and Camicioli (2002) investigated how attention can modulate navigation 

in absence of visual information. This study has great importance in understanding, how can 

our instruction before each trial influence final deviation. Participants in this study have been 

tested in three different conditions. Aim of first distraction condition was to divert 

participant’s attention from the navigation task. Therefore participants have been asked to 

mentally recite names while walking. In controlled condition participants have been instructed 

to walk without any specific task. In the last, concentration conditions were participants 

instructed to concentrate on walking in straight line. Results showed that more accurate 

performances were observed in the first, distraction condition compared to the control 

condition. Concentration condition led to larger deviation. Research in total showed that 

subject veered in all conditions. 

Mohr, Burgger, Brachta, Landis and Viaud-Delmon (2003) investigated side preferences in 

long term turning, and blindfolded veering and stepping behaviour. Research aimed to find if 

dopaminergic control, which seems to play key role for body movement and spatial attention, 

equally control lateralized whole body movements. Therefore these movements were 
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examined for interrelations. Collected results showed that individuals’ side preferences in one 

task were unrelated to side preferences in another task. For this reason scientists suggested 

that absence of consist side preference shows that dopaminergic does not equally control 

lateralized whole-body movements. Results as well shown that veering tendencies, which 

appeared equally in either direction are under dopaminergic control as long as attention is 

directed towards extra personal space.  

Authors Kallie, Schrater and Legge (2007) examined blindfolded and blind group of 

participants to find if source of veering behaviour is better attributed to errors in perceptual 

encoding or undetected motor errors. Study contained three different tasks for measurement of 

veering behaviour. First experiment measured how accurately blind people and blindfolded 

sighted people walk a straight line without vision. Second task was to measure hypothesized 

relationship between path curvature detection and veering. In the third experiment were 

participants asked to reduce veering while they were provided with perceptual pointers, which 

are explicit indicators of the intended direction. Results of study have shown that there are no 

significant differences in the shapes of the veering trajectories between blindfolded and blind 

participants. As a part of the results, authors presented model where they subscribe three 

independent sources of undetected error: initial orientation, consistent biases in step direction 

and variable error in individual steps. 

Research provided by Šťouračová (2011) was one of few which tried to investigate veering 

behaviour in water condition. Veering behaviour was examined while swimming with 

exclusion of visual analyser on selected group of participants consisted from blind and 

blindfolded swimmers. Participants have been also assessed for side preference of upper 

limbs. As swimming technique was chosen front crawl, so swimmers while breathing used 

repeatedly same side for inhalation. This fact as author insists involved in the end veering 

behaviour. It was found that participants with high level of swimming technique had the 

lowest deviations from straight direction and that in average participants with visual disability 

veered less than blindfolded participants. Conclusions of study as well pointed to fact, that 

because of interference of partial factors as swimming technique, maintaining a swimming 

position and smooth, time-coordinated movement of the head during inspiration was not 

possible to generate valid data on effect laterality to veering behaviour. 

Authors Uematsu et al., (2011) investigated participant’s changes in three different step 

frequencies while walking blindfolded. Results showed that the magnitude of veering 

behaviour was the smallest at the participants preferred step frequency compared with the  
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low (0,8 x of preferred walking frequency) and high (1,2 x of preferred walking frequency) 

frequency pace. This study highlighted, that veering and preferred frequency is minimalized 

in absence of visual information. 

All previous studies have been accomplished in limited measurement space. It was the reason 

why study of Souman, Frissen, Sreenivasa and Ernst (2009) brought braking point into 

methodology of veering behaviour. Study tested the ability of humans to walk in a straight 

course through unfamiliar terrain in two different environments. For this testing was chosen 

large forest area and the Sahara desert. Global positioning system has been used to capture 

trajectories of participants. Each trial took several hours. Research revealed that participants 

repeatedly walked in circles when there was no visual reference represented by sun. On the 

contrary with presence of sun participants veered, but not in circles. The most important 

outcome of this study is that participants veered in circles of size 20 meters and more. This 

fact showed that testing site to measure veering behaviour must have sufficient size to provide 

valid data. 

Emma Bestaven, Etienne Guillaud and Jean-René Cazalets (2012) in their study used 

experiment room with large dimension similar as Souman, Frissen, Sreenivasa and Ernst 

(2009), but they decide to reduce sources of sensory cues, such as wind, sun, heat or noises, 

which can give reference of walking direction. Therefore the Exhibition centre in Bordeaux 

with size 90x150 meters was selected as experiment room. The aim of study was to find if 

veering effect is related to biomechanical asymmetry and functional dominance. A test of 

turning score (reflected by preferential side of veering) with hand, foot and eye dominance for 

function dominance and electromyography and posturography for biomechanical asymmetry 

was used. Results showed that veering is unrelated to any evident biomechanical asymmetry 

or functional dominance. Authors deducted from results that it’s not possible to adequately 

predict the direction of veering from the first 10 meters of trial.  

Studies in this chapter commonly understand veering behaviour as deviation form straight 

forward locomotion while not using visual and auditory organs (Vuillerme, 2002; Mohr, 

2003; Kallie, 2007; Bestaven, 2012). Previous studies tries to find what stands behind origin 

on veering behaviour or what are the factors that influence this phenomenon in locomotion 

(Mohr, 2003; Kallie, 2007; Uematsu, 2011; Bestaven, 2012). We decide to continue in 

previous studies in finding of connection between veering behaviour and laterality (Mohr, 

2003; Bestaven, 2011; Šťouračová, 2011). Mentioned studies pointed that some locomotion 

factors play great role in veering behaviour (Uematsu, 2011; Mohr, 2003, Bestaven, 2011).   
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3. Methods 

The aim of this thesis is to verify relationship between side preference (handedness and 

footedness) and veering behaviour in walking, crawling and modified swimming without 

using visual and auditory senses. In addition we will also assess differences in direction and 

deviation of veering behaviour between three mentioned types of locomotion. 

 

3.1 Tasks 

1. Gather theoretical information related to research. 

2. Choose a quantitative method for measurement of veering behaviour for chosen ways 

of locomotion. 

3. Choose appropriate facilities for the realization of measurements. 

4. Define criteria for selection of participants. 

5. Measure veering behaviour and its trajectories while walking, crawling and modified 

swimming without using visual and auditory senses. 

6. Make processing and interpretation of data in three different ways of locomotion for 

each proband. 

7. Make processing and interpretation of data in three different ways of locomotion for 

whole measured group. 
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3.2 Research questions 

1. Does it exist significant relationship between side preference (handedness and 

footedness) and veering behaviour in walking, crawling and modified swimming 

without visual and auditory control? 

2. Does it exist significant correlation in side of veering behaviour and between chosen 

types of locomotion (walking, crawling and modified swimming) without visual and 

auditory control? 

 

 

3.3 Hypothesis 

H1:We assume that participants will manifest veering behaviour in walking, crawling and 

modified swimming contralateraly to the side of their preference (handedness and 

footedness). 

H2:We assume that it will be found significant correlation in side of veering behaviour 

and between chosen types of locomotion (walking, crawling and modified swimming) 

without visual and auditory control. 

 

 

 

  



30 

 

4. Methodology 

4.1 General description of research 

The current research represents empirical quantitative research which is according to Hendl 

(2012) described as systematic examining of natural or social phenomena. We used quasi 

experiment research method (Myers, 2003; Walker, 2013) 

 

4.2 Research sample 

A total of 20 students from Faculty of Physical Education and Sport of Charles University in 

Prague without previous injury of lower and upper limbs or neurological disorders were 

selected trough purposive sampling for the current study. Probands were recruited from 

previous research of Studnář (2014) where was used several valid preference tasks to measure 

laterality of locomotion organs. Only probands who performed in all tests same side 

preference were selected for research. In selection was considered side preference and gender 

of participants. From total number of 60 students has been chosen 11 participants with right 

side preference (n = 6 males and n = 5 females) and 9 participants with left side preference (n 

= 5 males and n = 4 females). The average age of the study group was 24, 2 years (SD = ± 

1,01). All participants passed swimming Coopers test modified for FTVS students by 

Čechovská, Čechovská, Hejtíková (2006) in at least acceptable level. All probands signed 

informed consent and the research itself was approved by the ethics committee of FTVS. 
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4.3 Data collection - timing, management and conditions of 

data collection  

We contacted selected participants and arranged with them a timetable for measurements. 

This allowed us to choose and prepared measurement room for testing. After that we tried 

various types of video recording sets to select right tool for measurement. Lastly we prepared 

and test equipment for elimination the visual and auditory sense of participants. 

4.3.1 Description of experiment rooms 

Selection criteria of measurement rooms have been determined by size requirements form 

studies of Souman (2009) and Bestaven (2012) and by time usability of these spaces. Another 

criterion was to find indoor space which meets these requirements where sensory reference 

from wind, sun, voices and another references will be eliminated. Full-availability of room 

without presence of another groups or visitors was crucial condition to secure space without 

any auditory reference. 

 

Walking / crawling experiment room 

Bestaven (2012) insists, that during measurement 

of veering behaviour while Walking blindfolded, 

first 10 meters gives unreliable data because of 

deviation, which occurs in that part of trial. 

That’s why in this study was measured room 

classified as a space, with length more than 20 

meter and wide 20 metres. Another specific 

criterion was that measuring room cannot provide 

any guiding element in contact with floor. For 

these reasons and due willingness of FTVS was 

chosen sports hall of FTVS. Because of space 

requirements for recording devices was 

measurement area set to 24 in length and 20 meters 

in wide. 

Figure 5. Walking / crawling measurement room 
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Modified swimming experiment room 

For measurement was selected indoor swimming 

pool of size 25 to 10 meters. Due to the limited 

possibilities of recording technologies was 

measurement performed in the area of 20 x 10  

(figure 6.) . 

4.3.2 Equipment for collecting data 

As recording equipment used to collect data was 

chosen video recorder Sony HXRNX5U Digital 

HD Video Camera Recorder. To obtain a large 

view was chosen tripod with adjusted high of 2 

meters (marked in figure by +).  

To indicate distances were used visible marks along the length of the measuring room from 

both sides. These signs were placed in the interval of 2 meters. For video processing and to 

determine size of veering behaviour was used computer software Dartfish. 

4.3.3 Equipment to eliminate visual and auditory senses of participants  

To manage same conditions we had to choose different 

equipment for testing in aquatic environment and in 

sports hall. Elimination of the vision analyser was in 

both measurements achieved through darkened scuba 

diving facemask.  

To eliminate sound references form environment were 

used in sports hall earphones with music. As music we 

choose monotone repeating melody. In a swimming 

pool was used swimming hat, which together with 

position of arms and sound of flowing water created 

perfect voice isolation from environment. Participants 

wear mono-snorkel to secure comfortable fixation of 

head in horizontal position during each trial.  

 

Figure 6. Flutter kick measurement room 

Figure 7. Equipment used in aquatic 

enviroment 

Figure 8. Equipment used in sports hall 
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4.3.4 Timing and rest of the conditions 

Testing was conducted from 15
th

 March to 30
th

June 2014. Between measurements of 

individuals in the pool and in the sports hall did not elapse more than 50 days. All participants 

were firstly tested in the swimming pool, than in sports hall in walking and finally in 

crawling. 

Before measurements were determined mandatory and consistent entry conditions for all 

participants. The order of the participants was determined by their arrival and preparedness. 

Participants were not allowed to see the others during the measurement. Each proband was 

individually briefed with two instructions. Instruction 1. took place before setting up of 

equipment and contained information about required way of locomotion and short 

demonstration. Then there was given space for participants to practice movement. This part 

didn’t take more than 3 minutes. Then we asked participants to prepare and test equipment. In 

swimming pool were participants asked to take 5 breaths from monosnorkel. After this part 

which took 2 minutes took place Instruction 2. which was given straight before the 

measurement. The Instruction 2. was:   

  “You will start to swim / walk / crawl on my sign which will be my clap on your

  back (demonstration of signal). Maintain constant speed.” 

When participants started to ask more question, previous instruction was repeated. 

Each testing of three types of locomotion consisted of two attempts. Between these trials was 

included rest intervals in range of time needed to walk from the finish to the start. Both 

measurements were carried out with exclusion of visual and auditory control. Between first 

and second testing trial were participants allowed to take off the blindfolded mask, which 

gave to probands feedback of their trajectory. After returning back to starting point, 

instruction 2. was repeated. All testing was done by one examiner. Testing of modified 

swimming took from 15-25 minutes and walking and crawling from 10 -15 minutes. 
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4.4 Data Analysis  

Recorded video data has been processed by using software Dartfish. In the program were 

created distance reference lines by using markers from measurement room. These lines 

indicated length of 2 meters. Spots where participants intersected these lines have been 

identified as trajectory points. As a defining point of intersection of the human body with this 

line was selected the centre of the top of participants head. The distance of these points from 

the straight direction of locomotion were measured by software in centimetres. These 

obtained trajectory points were entered in the table (program Microsoft Excel). Curvature to 

the left side was marked in the table with negative values while curvature to the right side in 

positive values.  

To measure changes in veering behaviour between walking, crawling and modified swimming 

without using visual and auditory senses we used descriptive statistical methods described 

below. 

4.4.1 Arithmetic mean 

It is characterized as sum of all scores divided by the number of scores. It is symbolised by �̅�. 

�̅� = ∑
𝑋𝑖

n

𝑛

𝑖=1

 

In this equation ∑ represents mathematical operation of summation, Y represents and 

individual score and n represents the number of scores in a sample (Medhi, 1992; Myers, 

2003; Hendl, 2013). 

4.4.2 Standard deviation 

It is characterized as square root of the average square deviation of scores about the mean. In 

this equation is standard deviation represented by S (Myers, 2003; Hendl, 2012; Walker, 

2013)  

 

𝑆 =  √
1

𝑛
∑(𝑥𝑖 − �̅�)2

𝑛

𝑖=1
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4.4.3 Contingency tables 

Contingency tables are used to displays the frequency distribution of the variables (Everitt, 

1992; Walker, 2013). We used them to analyse data from veering trials where we considered 

only side of veering (left, right) to estimate if probands would have depending on their side 

preference significant tendencies to veer in one of the sides. For calculation of test criterion 

𝑥2 was used next equation: 

 

𝑥2  =
n( a .  b − 𝑏 .  𝑐)2 

(𝑎 + 𝑏).  (𝑐 + 𝑑).  (𝑎 + 𝑐).  (𝑏 .  𝑑)
 

 

In equation described above n represents the number of scores in a sample (Medhi, 1992; 

Myers, 2003; Hendl, 2013). Letters a, b, c and d represent values from contingency table 

(Everitt, 1992; Walker, 2013). We will calculate with one degree of freedom because we use 

always 2 variables (left or right side of veering) (Walker, 2013). 

 

4.4.4 Tetrachoric correlation 

We used tetrachoric correlation coefficient to estimate relationship between side preferences 

and side of veering behaviour in different types of locomotion. Reason why we used 

tetrachoric correlation coefficient was that we wanted to estimate the conditioned probability 

of manifestation the direction of veering in three different types of locomotion which were 

scored binary. 

 

𝑟𝑡𝑒𝑡 = 𝑐𝑜𝑠 (180 .  
√𝑏 .  𝑐

√𝑏 .  𝑐 + √𝑎 .  𝑑
) 

 

Tetrachoric correlation coefficient is represented in equation by 𝑟𝑡𝑒𝑡. Letters a, b, c, d in 

equation represents results from 2 by 2 tables, cos represents goniometric function cosinus 

(Walker, 2013). Statistical signification of tetrachoric correlation was calculated as a 

proportion of correlation´s standard deviation and its standard error. Final value represents Z- 

score, where the level of statistical significance Z- score > 1.96 was chosen. 
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4.4.5 Analysis of variance (ANOVA) 

For data analysis was used two-way (two factor) repeated measure analysis of variance (2-

way rep.ANOVA). Generally we determined 3 different factors: 1. Gender; 2. type of 

locomotion; 3. laterality. Differences in veering behaviour were analysed at three types of 

locomotion patterns in three different distances. First we did 2-way rep.ANOVA with design 

2 (gender, male and female) x 3 (types of locomotion: Crawling, walking and swimming). 

Second data 2-way rep.ANOVA had design 2 (laterality: Right side preference and left side 

preference) x 3 (types of locomotion: Crawling, walking, swimming). For interpretation of 

differences with regards to laterality and gender in relation to 3 types of locomotion the level 

of statistical significance p< 0,05 was chosen. For adequate use of this procedure was chosen 

Box M –test for equality of between group covariance matrices (covariance matrices equal 

and covariance matrix circularity).To express the particular significant differences several 

post hoc tests were used in the NCSS2007 program. 
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5. Results 

Results are described in definite subchapters. First part is focused on correlations between 

veering behaviour in different types of locomotion and side preference in selected groups of 

probands without taking into account definite metric distance of veering. Second part of 

results contains results of relationship between side of veering behaviour and side preference 

in all locomotion tests. Third part contains results of relationship between side of veering 

behaviour and side preference in each locomotion test (crawling, walking and swimming). 

Lastly in results part we propose relationships between deviations and size of veering in 

selected distances after start (2, 6, 10 meters), gender and side preferences of probands.   

 

5.1 Correlation between veering behaviour in different types 

of locomotion and laterality in chosen groups of probands. 

Tetrachoric correlation was used to measure relationship between size of veering behaviour in 

different types of locomotion. Firstly we computed it for whole group of 20 probands (table. 

1) and then we did separate matrices for left side preferences (table 2.) and right side 

preferences groups (table 3.). Direction of veering was not taken into account.  

 Table 1. 

 

Table 1. presents correlation matrices characterized the relationships between types of 

locomotion and side preference revealed significant correlation between walking and crawling 

 
Tetrachoric correlation between different types of locomotion and laterality of whole 

group. 

 

 Types of locomotion Crawling Walking 
Modified 

swimming 
Laterality 

 

 Crawling -   
  

 Walking 0.68* -  
  

 Modified swimming 0.39 0.49* - 
  

 Laterality 0.44 -0.05 0.65* 
-  

     
 * p< 0,05 
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test (𝑟𝑡𝑒𝑡=  0.68), which might indicate that both types of locomotion have common 

background in ontogenetic development. Another possible explanation is impact of additional 

factors as differences between types of kinematic cycles and biomechanical background or 

aquatic environment. However we found as well significant correlation between results of 

walking and modified swimming test (𝑟𝑡𝑒𝑡= 0.49). This might be result of defined rules of 

testing where while modified swimming has been probands allowed to us only legs for 

locomotion which is same as in walking test. Positive proportionality shows that probands 

which veers in walking to definite side have tendencies to turn into same side also in 

crawling.  

Correlation of whole group between their preference side and side of veering behaviour 

indicate strong tendencies between preference side and swimming locomotion test (𝑟𝑡𝑒𝑡= 

0.65). Surprisingly correlation between laterality and walking was nearly zero (𝑟𝑡𝑒𝑡= -0.05) 

and relationship between crawling and laterality did not show and significant tendencies as 

well. 

 

Table 2. 

 

Observed correlations between chosen types of locomotion of left side preference group 

revealed similarities in correlations between crawling and walking (𝑟𝑡𝑒𝑡= 0.62) and between 

walking and modified swimming (𝑟𝑡𝑒𝑡= 0.49). Difference between results of whole group and 

left side preference probands was observed in correlation between crawling and swimming 

 
Tetrachoric correlation between different types of locomotion of left side preference 

probands. 

 

 Types of locomotion Crawling Walking 
Modified 

swimming 

 

 Crawling -   
 

 Walking 0.62* -  
 

 Modified swimming -0.16 0.49* - 

 

 * p< 0,05 
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test. While results of whole group between these two types of locomotion showed significant 

positive proportionality, results of left side preference group revealed negative non-significant 

proportionality what means that probands who veered in crawling test into one side veered 

slightly to opposite direction in swimming test. 

 

Table 3. 

 

Results of right handed group confirms the significant relationship between walking and 

crawling test (𝑟𝑡𝑒𝑡= 0.58), what reinforces phenomenon observed in results of whole group 

left handed sub-group. Interestingly we found again none significant correlation between 

swimming and another tests, what might point to missing link in ontogenetic development, 

conditions of environment or in movement cycle.  

 Tetrachoric correlation between different types of locomotion of right side preferences 

probands. 

 

 
Type of locomotion Crawling Walking 

Modified 

swimming 

 

     
Crawling -   

 

 
Walking 0.58* -  

 

 
Modified swimming 0.34 0.19 - 

 

 
* p< 0,05 
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5.2 Relationship between side of veering behaviour and side 

preference  

 

With regard to side preference (hand, foot) of probands (Table 4.) we didn’t revealed 

significant preference in veering behaviour on level (p˂ 0.05). However, result of analysis 

showed obvious tendency also express by close level of statistical significance 0,058. These 

results suggest possibility that significant relationship in preference between side of veering 

and side preferences could be discovered in larger sample because of poor test power. Left 

side preference probands did not show any tendencies at all while right side preference 

probands showed preference to the right side. 

 

Table 4. 

 Relationship between side of veering behaviour and side preference regardless to the 

type of locomotion 

 

 
 

Veering into right 

side 

Veering into left 

side 

Total 

 

 

    
 Right side preference 

probands 
25 8 33 

 

 Left side preference 

probands 
14 13 27 

 

 
Total 39 21 60 
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5.3 Relationship between side of veering behaviour and side 

preference in each locomotion test. 

Contingency table see Table 5 which assessed the preference of veering in left side preference 

participants and right side preference participants did not  find any significant tendencies in 

veering to left or right side any type of locomotion p˂0,05 (Crawling 𝑥2 = 3,10; Walking 𝑥2 = 

0,02; Swimming 𝑥2 = 3,30) ( 𝑥2 0,95 (1) = 3,84).  However in detail analysis can be found 

that crawling and swimming test indicate at least some trend. In both cases participants had 

tendencies to veer into their preferred side. These results suggested that veering behaviour 

might be possibly carried out by different control mechanisms in comparison to laterality. 

 

Table 5. 

 Relationship between side of veering behaviour and side preference for each locomotion 

test              

 

 Test Crawling Walking Swimming  

 Side of veering Left Right Left Right Left Right  

       

 
Left side preference 

probands  
6 3 3 6 4 5 

 

 
Right side preference 

probands 
3 8 4 7 1 10 

 

 
Total 11 9 7 13 5 15 
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5.4 Veering behaviour in selected distances after start. 

Side deviations of probands were measured during test trials to find out significant differences 

in chosen distances after start. Two-way repeated measure analysis of variance was used to 

measure firstly differences between veering behaviour and gender and secondly between 

veering behaviour and laterality (left or right side preference) in three different types of 

locomotion in selected distances after start (2, 6, and 10 meters after start). 

5.4.1 Differences of deviations between chosen types of locomotion 

Results in Table 6. shows average values of veering deviations without considering side of 

veering. In distance of 2 and 6 meters after start results did not revealed any significant 

difference between crawling, walking or swimming. However results showed significantly 

larger deviation from middle axis in distance of 10 meters after start in swimming test and 

followed post hoc test revealed that deviation in modified swimming is significantly larger 

than deviation from middle axis in walking test. We assume that this might be due to different 

frequency of movement or different factors and furthermore it can point into differences in 

prediction of veering in aquatic environment.  

 

Table 6. 

 Average values in meters of veering in selected distances after start in different types of 

locomotion 

 

 
Distances after 

start 

Crawling  Walking Swimming 
 

 Mean ± S. D.  Mean ± S. D. Mean ± S. D.  

 
2 m 0.14 ± 0.11  0.12 ± 0.14 0.19 ± 0.15 

 

 
6 m 0.59 ± 0.36  0.51 ± 0.41 0.98 ± 0.94 

 

 
10 m 1.84 ± 0.93  1.37 ± 0.82 2.64* ± 1.55 

 

 
* p< 0,05 
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5.4.2 Differences between gender and type of locomotion   

In this task we used two-way repeated measure analysis of variance to find significant 

differences between veering behaviour and gender in different distances after start. Results in 

2 or 6 meters after start between males and females did not reveal any significant tendencies 

even though we can observe tendencies in results of crawling and modified swimming where 

females veered in a larger scale than males. Furthermore data from 10 meters distance after 

start shows that participants veer significantly more in swimming test (F – ratio= 8.66) than in 

walking. However this factor does not create any significant (F – ratio= 2.15) interaction with 

results of deviations between gender (F- ratio= 3.79). These differences in locomotion and 

gender don’t have multiplicative character. Therefore in this case we are talking about 

additive relationship. 

 

Table 7.  

 
Differences in average values in meters between male and female in relation to type of 

locomotion. 
 

 
Type of 

locomotion 
Crawling Walking Swimming  

 Gender Female Male Female Male Female Male  

 2 meters 0.15 0.14 0.06 0.16 0.21 0.17  

 6 meters 0.62 0.57 0.40 0.61 1.22 0.78  

 10 meters 2.26 1.50 1.33 1.39 3.35 2.07  
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5.4.3 Differences between side preference and type of locomotion 

In this analysis was also used two-way repeated measure analysis of variance with the aim to 

analyse differences between veering behaviour and side preferences in different distances 

after start.  

 

Table 8. 

 
Differences in average values in meters between left and right side preference probands 

in relation to type of locomotion. 

 

 
Type of locomotion Crawling Walking Swimming 

 

    

 
Side preference Left Right Left Right Left Right 

 

 
2 meters 0.16 0.12 0.10 0.12 0.20 0.18 

 

 
6 meters 0.65 0.61 0.55 0.55 1.09 0.87 

 

 
10 meters 2.92 3.00 2.46 1.93 5.46 4.28 

 

 

Results from table 8. shows no significant differences in average values between left or right 

side preference probands in relation to type of locomotion in distance of 2, 6 or 10 meters 

after star. Nevertheless we found significant differences in data from 10 meters distance after 

start between results of swimming and walking, which shows that probands veer significantly 

more in swimming test than in walking test (F – ratio= 6,99). However relationship between 

side preference and chosen types of locomotion in distance of 10 meters did not reveal any 

significant tendencies even though we can observe interesting differences in results of 

swimming test where left side preference group veer in a larger extent then right side 

preference group. These results shows us, that side preference doesn’t have to play key role in 

veering behaviour in any type of locomotion in our measuring range (2, 6 and 10 meters after 

start). 
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6. Discussion 

The aim of this thesis was to verify relationship between side preference (handedness and 

footedness) and veering behaviour in walking, crawling and modified swimming without 

visual and auditory senses. Furthermore, we assessed degree of veering in chosen distances 

between three mentioned types of locomotion. 

6.a   Veering behaviour in different types of locomotion and 

factor of laterality 

In the first part we assessed differences in veering behaviour between chosen types of 

locomotion. Results shown significant relationship p<0,05 between crawling and walking test 

(𝑟𝑡𝑒𝑡= 0.68) and between walking test and modified swimming test (𝑟𝑡𝑒𝑡= 0.49), however we 

did not found any significance relationships between swimming test and crawling test. This 

leads us firstly to suggest that veering behaviour does not represent stable phenomenon which 

displays same results regardless to type of locomotion. Factor that may cause differences in 

veering behaviour in different types of locomotion can be common step in ontogenetic 

development. While crawling is one of the earliest forms of locomotion which is subsequently 

replaced while walking, modified swimming is not a mandatory part of ontogenetic 

development. However we have to take into account significant relationship between walking 

test and modified swimming test. From aforementioned, explanation of this result can be 

hidden in testing rules where we allowed using only flutter kick for locomotion in modified 

swimming test. Privileged use of lower limbs in walking test and modified swimming test 

could explain this relationship without contradiction to previously mentioned factor of 

ontogenetic development. Chosen types of locomotion works on different type of kinematic 

cycles what might play role as well. Since locomotion in all three tests has been performed in 

different frequencies of movement, we have to take this fact into consideration as well. 

Therefore in conformity with suggestion of Uematsu et al., (2011) we can assume that not 

only conscious control of frequency (preferred step frequency) of movement but frequency on 

its own can play role in influencing of veering behaviour. 

Secondly we analysed relationship between motor laterality and selected types of locomotion. 

We found significant relationship p<0.05 between side preference (footedness and 

handedness) and Modified swimming (𝑟𝑡𝑒𝑡= 0.65).  Otherwise results of walking test and 

crawling test did not confirm any significant relationship between them and side preference. 

Correlation between walking and side preference was on level (𝑟𝑡𝑒𝑡= -0.05). This fact supports 
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results of Mohr, Burgger, Brachta, Landis and Viaud-Delmon (2003) from walking test that 

dopaminergic control is probably not involved in veering behaviour. 

In third part of this section we assessed differences in veering behaviour between chosen 

types of locomotion separately for left and right side preference probands. Again we found 

significant relationship between walking and crawling test in left side preference group (𝑟𝑡𝑒𝑡= 

0.62) right side preference (𝑟𝑡𝑒𝑡= 0.58) respectively. Results also revealed non-significant but 

negative proportionality in left side preference group between modified swimming and 

crawling test which is surprising because rest of relationships shown positive proportionality 

which means that left side preference probands have tendencies to veer to the left side (and 

vice versa). 

6.b   Relationship between side of veering behaviour and side 

preferences  

Second part of results aimed to find if there is relationship between side of veering and side 

preference of probands without considering type of locomotion. The present study did not 

found significant tendency between side of veering and side preference which means that left 

side preferences of right side preferences probands don’t perform any significant tendentious 

preference in veering behaviour. However, the coefficient of statistical significance was p= 

0,058. That’s why we can assume that with elimination of all distraction factors and with 

larger sample of probands we might be able to explore significant tendency between side of 

veering and side preference (footedness and handedness of participants). Further we should to 

calculate with possibility that reason why we didn’t found any relationship between side of 

veering and side preferences might have different substantiation. According to Pearson (1998) 

and Nicholls (2013) sensory fibres and their actual functionality influence normal locomotor 

cycles, therefore we can assume that this might be reason why we did not reveal any 

significant tendencies between side preference (participants might use auditory and visual 

senses during measurement) and side of veering (probands were not able to use auditory or 

visual senses while measurement). Altogether these facts reject our hypothesis that 

participants will veer significantly to the side of their preference. 
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6.c  Relationship between side of veering behaviour and side 

preferences in each locomotion test. 

Third part of results we aimed to found relationship between side of veering and side 

preference of probands with considering type of locomotion. Obtained data didn’t show any 

significant tendencies in veering of right side preference nor left side preference at any type of 

locomotion. However, results of crawling test and modified swimming test indicated trend to 

veer into probands preferred side, what negates our hypothesis that participants will manifest 

veering behaviour in walking test, crawling test and modified swimming test contralateraly to 

the side of their preference. Because we took into account only side of turning and no its size, 

we can ignore factors as frequency of movement characterized by Uematsu et al., (2011), or 

different size of measurements room specified by Bestaven et al., (2012) or type of instruction 

according to Vuillerme, Nouqier and Camicioli (2002).  

6.d   Veering behaviour in in selected distances after start 

In forth part of results we aimed to found relationship between size of veering and types of 

locomotion in different distances after start. Furthermore, we considered factor of gender and 

laterality. In first part we searched only for relationship between veering behaviour and 

different types of locomotion in selected distances. Results didn’t show and significant 

relationships in distance of 2 or 6 meters after start. However, results showed significant 

deviating in distance of 10 meters after start in swimming test. Possible explanation for this 

result might be different frequency of movement according to Uematsu et al., (2011), because 

in water environment have been probands pushed to produce higher frequency to maintain 

forward movement and according to previous findings higher frequency leads to larger size of 

veering. Another possible explanation is results of Bestaven et al., (2012) which stated that 

results in first 8 meters after start do not produce stable date of veering behaviour. 

Secondly we searched for relationship between veering behaviour and different types of 

locomotion in selected distances with taking into account gender factor. Results again didn’t 

show any significant tendencies in 2 or 6 meters after start between. Data from 10 meters 

distance after start confirm previous results of swimming test where probands veer 

significantly further from middle axis (F– ratio= 8.66). Results did not reveal any significant 

relationship (F– ratio= 2.15) between gender and type of locomotion. Altogether these results 

again confirm findings of Bestaven et al., (2012). 
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In third part of this section we focused on relationship between veering behaviour and 

different types of locomotion in selected distances with consideration of side preference. 

Nevertheless results of veering in first 2 and 6 meters after start did not show any significant 

tendencies what again confirms findings of Bestaven et al., (2012). Results in 10 meters 

distance shown significant tendencies between swimming and crawling test (F- ratio = 6.99) 

but did not reveal any significant differences with regard to side preference of probands in 10 

meters after start even though we found that left side preference group veered in larger scale 

than right side preference group.  These results confirm findings of Bestaven et al., (2012) 

about producing of stable data in first 8 meters after start. Regarding to the findings of 

Šťouračová (2011) and Mohr et al.,  (2003) we can confirm that we didn’t reveal any 

significant relationship between veering in swimming and walking test (in the same time not 

even in crawling test) and side preference in our measurement sample.  
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7. Conclusion 

This thesis aimed to study relationship between side preference (handedness and footedness) 

and veering behaviour while walking, crawling and modified swimming without visual and 

auditory control in selected population of 20 students from FTVS from which had 11 

participants right side preference (n = 6 males and n = 5 females) and 9 participants left side 

preference (n = 5 males and n = 4 females). 

and computed strong tendencies only Results of whole group analysed by tetrachoric 

correlation revealed significant relationship between side preference  and three types of 

locomotion only with modified swimming test (𝑟𝑡𝑒𝑡= 0.65). In addition, correlations for whole 

group of participants between each type of locomotion revealed showed significant relations 

between crawling and walking test (𝑟𝑡𝑒𝑡= 0.68). This was also observed by separate analysis 

of left side preference (𝑟𝑡𝑒𝑡= 0.62) and right side preference groups (𝑟𝑡𝑒𝑡= 0.58). We assume 

that this phenomenon might be result of common step in ontogenetic development. 

Furthermore we found significant relationship between results of walking and modified 

swimming test (𝑟𝑡𝑒𝑡= 0.49), which was also confirmed by results of left side preference group 

(𝑟𝑡𝑒𝑡= 0.49), but not by right side preference group.  

Results of analysis between side preference and side of veering in all tests together didn’t 

reveal any significant preferences neither in separated analysis for each locomotion test. Even 

though results revealed some trends even not statistically significant of veering to ipsilateral 

side with regard to side preference of participants. These findings supported suggestions of 

previous authors that dopaminergic control is probably not involved in veering behaviour. 

Analysis of veering behaviour in selected distances revealed significant deviations only in 10 

meters distance after start between modified swimming test and remaining tests and also 

larger deviations between males and females and between left side preference and right side 

preference groups. This shows us that to be able to observe veering behaviour we need to 

obtain data from longer distance (≥10 meters).  

We see limitations of this study in limitation of measuring room which did not allowed us to 

collect data from all participants behind 10 meters distance during modified swimming test. 

Furthermore we understand that research sample of 20 participants is not fully representative 

for generalization. However, data obtained in our research might be useful background for 

further research of veering behaviour in various types of locomotion. Due to our results we 

assume that future studies should be focused on establishing the right place of veering 



50 

 

behaviour in phenomenon of function asymmetry manifestation. Furthermore it might be 

interesting to test if veering behaviour can influence orientation on its own. 
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rehabilitační pracovníky. Brno: Ústav pro další vzdělávání stř. zdravot. pracovníků. 



55 

 

Jover, M., Ayoun, C., Berton, C., & Carlier, M. (2012). Development of motor planning for 

dexterity tasks in trisomy 21. Research in Developmental Disabilities, 35(7). 

Kagerer, F. A., Srivivasen, D., & Martin, B. (2014). Control of discrete bimanual 

movements: How each hand benefits from the other. Neuroscience Letters, 584, 33-

38. doi:10.4271/2008-01-1916 

Kalverboer, A. F., & Gramsbergen, A. A. (2001). Handbook of brain and behaviour in 

human development. Dordrecht: Kluwer. 

Kitterle, F. L., & University of Toledo. (1991). Cerebral laterality: Theory and research : 

the Toledo symposium. Hillsdale, NJ: L. Erlbaum Associates. 

Kobesova, A., Kolar, P., & Sonesson, B. (2012). Developmental kinesiology: Three levels of 

motor control in theassessment and treatment of the motor system.Univerzita Karlova 

v Praze, 107. 

Kolář, P. (2009). Rehabilitace v klinické praxi. Praha: Galén. 
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Park, J., Croce, U. D., Leardini, A., & Chiari, L. (2001). Synthesis of natural arm swing 

motion in human bipedal walking. Boca Raton, Fla.: CRC Press, (13), 255 p. 

Pařízková, J., & Univerzita Karlova. (1984). Growth, fitness and nutrition in preschool 

children. Prague: Charles University. 

PEARSON, K. G., MISIASZEK, J. E., & FOUAD, K. (1998). Enhancement and Resetting of 

Locomotor Activity by Muscle Afferentsa. Annals of The New York Academy of 

Sciences. doi:10.1111/j.1749-6632.1998.tb09050.x 

Peters, M. (1988). Footedness: Asymmetries in Foot Preference and Skill and 

Neuropsychological Assessment of Foot Movement. Psychological Bulletin. 

doi:10.1037/0033-2909.103.2.179 

Porac, C., & Coren, S. (1978). Relationships among lateral preference behaviors in human 

beings. Behavioral and Brain Sciences. doi:10.1017/S0140525X00074902 

Previc, F. H. (1992). The relationship between turning behavior and motoric dominance in 

humans. Perceptual and Motor Skills. doi:10.2466/PMS.75.7.935-944 



58 

 

Reiss, M., & Reiss, G. (2000). Zur Untersuchung der motorischen 

Asymmetrien1.Fortschritte Der Neurologie Psychiatrie. doi:10.1055/s-2000-11648 

Roth, M. (2005). The left stuff: How the left handed have survived and thrived in a right-

handed world. New York, NY: M. Evans and Co. 

Sabaté, M., González, B., & Rodrı́guez, M. (2004). Brain lateralization of motor imagery: 

motor planning asymmetry as a cause of movement lateralization.Neuropsychologia. 

doi:10.1016/j.neuropsychologia.2003.12.015 

Sanders, R. H. (2007). Kinematics, coordination, variability, and biological noise in the 

prone flutter kick at different levels of a “learn-to-swim” programme. Journal of 

Sports Sciences. doi:10.1080/02640410600631025 

Seeley, R. R., Stephens, T. D., Tate, P., & Seeley, R. R. (1992). Anatomy & physiology. St. 

Louis: Mosby Year Book. 

Serrien, D. J., Cassidy, M. J., & Brown, P. (2003). The importance of the dominant 

hemisphere in the organization of bimanual movements. Human Brain Mapping. 

doi:10.1002/hbm.10086 

Sherwood, L. (2007). Human physiology: From cells to systems. Australia: 

Thomson/Brooks/Cole. 

Srinivasan, D., Martin, B. J., & Reed, M. P. (2013). Effects of task characteristics on 

unimanual and bimanual movement times. Ergonomics, 56(4), 612-622. 

doi:10.1080/00140139.2012.750383 

Stinson, S., Bogin, B., & O'Rourke, D. (2012). Human biology: An evolutionary and 

biocultural perspective. Hoboken, NJ: Wiley. 

Stochl, J., & Croudace, T. (2012). On the number of handedness groups. ACTA 

UNIVERSITATIS CAROLINAE:. 



59 

 

Stuss, D. T., & Knight, R. T. (2002). Principles of frontal lobe function. Oxford: Oxford 

University Press. 

Sun, T., & Walsh, C. A. (2006). Molecular approaches to brain asymmetry and 

handedness. Nature Reviews Neuroscience. doi:10.1038/nrn1930 

Tran, U. S., Steiger, S., & Voracek, M. (2014). Evidence for general right-, mixed-, and left-

side preferences in self-reported handedness, footedness, eyedness, and earedness, 

and a primacy of footedness in a large-sample latent variable 

analysis.Neuropsychologia, 62, 220-232. 

doi:10.1016/j.neuropsychologia.2014.07.027 

Triggs, W. J., Calvanio, R., Levine, M., Heaton, R. K., & Heilman, K. M. (2000). Predicting 

Hand Preference with Performance on Motor Tasks. Cortex. doi:10.1016/S0010-

9452(08)70545-8 

Uematsu, A., Inoue, K., Hobara, H., Kobayashi, H., Iwamoto, Y., Hortobágyi, T., & 

Suzuki, S. (0). Preferred step frequency minimizes veering during natural human 

walking. Neuroscience Letters. doi:10.1016/j.neulet.2011.10.057 

Van, D. G., Fox, S. I., & LaFleur, K. M. (1997). Synopsis of human anatomy & physiology. 

Dubuque, IA: Wm. C. Brown Publishers. 
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Walker, I. (2013). Výzkumné metody a statistika. Praha: Grada. 

Wannier, T., Bastiaanse, C., Colombo, G., & Dietz, V. (2001). Arm to leg coordination in 

humans during walking, creeping and swimming activities. Experimental Brain 

Research. doi:10.1007/s002210100875 

Weiss, M. L., & Mann, A. E. (1985). Human biology and behavior: An anthropological 

perspective. Boston: Little, Brown. 

Zverev, Y. P. (2006). Spatial parameters of walking gait and footedness. Annals of Human 

Biology. doi:10.1080/03014460500500222 

  



61 

 

List of tables 

Table 1.  Tetrachoric correlation between different types of locomotion and laterality of 

  whole group. 

Table 2. Tetrachoric correlation between different types of locomotion of left side  

  preference probands. 

Table 3. Tetrachoric correlation between different types of locomotion of right side 

  preferences probands. 

Table 4. Relationship between side of veering behaviour and side preference regardless 

  to the type of locomotion  

Table 5. Relationship between side of veering behaviour and side preference for each 

  locomotion test 

Table 6. Average values in meters of veering in selected distances after start in different 

  types of locomotion          

Table 7. Differences in average values in meters between male and female in relation to 

  type of locomotion. 

Table 8. Differences in average values in meters between left and right side preference 

  probands in relation to type of locomotion. 

  



62 

 

List of figures 

Figure 1. Anatomical structure of neural system 

Figure 2. Crawling diagram 

Figure 3. Walking diagram 

Figure 4. Flutter kick 

Figure 5. Walking / crawling measurement room 

Figure 6. Flutter kick measurement room 

Figure 7. Equipment used in aquatic enviroment 

Figure 8. Equipment used in sports hall 

 

 

  

file:///C:/Users/duhovka/Desktop/Veering%20behavior%2013.docx%23_Toc414559420
file:///C:/Users/duhovka/Desktop/Veering%20behavior%2013.docx%23_Toc414559424
file:///C:/Users/duhovka/Desktop/Veering%20behavior%2013.docx%23_Toc414559425
file:///C:/Users/duhovka/Desktop/Veering%20behavior%2013.docx%23_Toc414559426
file:///C:/Users/duhovka/Desktop/Veering%20behavior%2013.docx%23_Toc414559427


63 

 

Appendix 

Appendix number 1. Statement the ethics committee 

Appendix number 2. Model of informed consent 

  



64 

 

Appendix number 1.  Statement the ethics committee 

  



65 

 

Appendix number 2. Model of informed consent 

Žádám Vás o souhlas k provedení měření lokomoce při vyřazení zrakového a sluchového aparátu  

a následnému zpracování a uveřejnění výsledků měření v rámci diplomové práce na FTVS UK studentem  

Bc. Milanem Ďuríkem.  

 

Celková doba měření je odhadována zhruba na 45 minut, testovaný bude nejprve měřen v bazénu při plavání, 

poté ve sportovní hale při plazení a chůzi. Každý druh lokomoce bude měřen 2x. Záznam měření je pomocí 2D 

video analýzy, jedná se o metodu neinvazivní. Testovaný absolvuje měření z vlastní vůle a bez nároku na 

honorář.  

 

Testovaný byl dnešním den poučen odborným pracovníkem o plánovaném měření. Prohlašuje a svým dále 

uvedeným vlastnoručním podpisem potvrzuje, že odborný pracovník, poskytl poučení a osobně vysvětlil vše, co 

je obsahem tohoto písemného informovaného souhlasu. Testovaný měl možnost klást otázky, na které mu bylo 

řádně odpovězeno. 

 

Testovaný prohlašuje, že uvedenému poučení plně porozuměl a výslovně souhlasí s účastí na projektu, souhlasí s 

uveřejněním výsledků šetření v rámci diplomové práce. Data získaná měřením nebudou v žádném případě 

zneužita, osobní data nebudou zveřejněna.  

 

Osoba, která provedla poučení: Bc. Milan Ďurík  

 

Podpis osoby, která provedla poučení:  

V Praze, dne:  

 

1.   11.   

2.   12.   

3.   13.   

4.   14.   

5.   15.   

6.   16.   

7.   17.   

8.   18.   

9.   19.   

10.   20.   

 


